INTRODUCTION
As with any multifactorial problem, prediction of postoperative morbidity in surgical patients is difficult. However, the potential benefit of being able to identify and ultimately allocate high-risk patients to an appropriate level of care is vast. For example, more than 80% of postoperative deaths have been found to occur in a subgroup of high-risk patients with a likely higher number of nonfatal complications. 1 Several risk stratification tools have been developed to help clinicians decide whether preoperative optimisation of organ function, changes in perioperative care or postponement of surgery may be indicated. Starting with the American Society of Anesthesiologists' Physical Status score (ASA), 2 the other scores, such as the Physiological and Operative Severity Score for enUmeration of Mortality and Morbidity (POSSUM), 3 the Surgical APGAR score 4 and the Charlson Comorbidity Index, 5 have also been found useful for predicting postoperative morbidity, and may be supplemented by cardiopulmonary exercise tests. 6 7 Strengths and limitations of this study ▪ A large cohort of patients with total hip arthroplasty and total knee arthroplasty with standardised fast-track protocols and prospective recording on preoperative morbidity. ▪ Detailed follow-up on postoperative complications through discharge records. ▪ Differentiation between 'medical' and 'surgical ' complications. ▪ Evaluation of preventability of complications is subjective. ▪ Validation in other types of fast-track surgery is needed.
Recently, internet-based risk calculators published by the American College of Surgeons' National Surgical Quality Improvement Program, have been developed for a variety of procedures and outcomes. 8 9 However, the extent to which these are used in clinical practice is uncertain, and the ideal preoperative risk stratification tool has yet to be found. 10 Furthermore, if used to guide postoperative care, such a tool should be developed in patients receiving up-to-date evidence-based care and must consider the pathophysiological mechanisms leading to the outcome of interest, thus enabling rational inteventions. 11 In this context, it must be considered that many risk indices were developed at a time when perioperative care was different from today. Thus, the introduction of enhanced recovery programmes or the so-called 'fasttrack' surgery 12 has led to changes in surgical, anaesthetic and rehabilitative practices, which have improved postoperative recovery, reduced morbidity and consequently reduced length of hospital stay (LOS) without increasing readmissions. 13 However, whether traditional perioperative risk assessment is transferable to the concept of fast-track surgery remains to be answered.
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In this context, recent studies in fast-track total hip arthroplasty (THA) and total knee arthroplasty (TKA) have found that traditional risk factors, such as age, 14 15 obesity, 16 cardiopulmonary disease, 15 smoking or alcohol use, 16 17 and type 2 diabetes, 18 may have less influence on LOS and postoperative morbidity than has been estimated in previous studies with conventional care. In addition, the types of postoperative morbidity in fasttrack surgery may also differ from previous reports on conventional care. Thus, low incidences of delirium, 19 venous thromboembolic events 20 as well as myocardial infarctions and overall mortality have been found in fasttrack THA and TKA. 21 The combination of different risk profiles and incidences of postoperative complications in fast-track surgery may influence the accuracy of previously established risk indices, thereby calling for procedure-specific studies with implemented fast-track methodology. 22 Finally, assessment of 'medical' versus 'surgical' complications rather than traditional assessment of 'all cause' morbidity is necessary to define interventional strategies.
The present study attempted to develop a simple numerical score to identify patients at high risk of specific potentially preventable postoperative 'medical' and 'surgical' complications, which is based on previous works on patient-related risk factors and postoperative morbidity in fast-track THA and TKA. 15 17 23-25 
METHODS
The study population was based on a previously published cohort from the Lundbeck Foundation Centre for Fast-Track Hip and Knee Replacement database (LCDB) from January 2010 to November 2012, thus ensuring a high degree of details regarding postoperative morbidity resulting in LOS >4 and 90 days readmissions. 15 18 25 The cut-off of >4 days was chosen based on median LOS being 3 days in 2010. 15 Eight large Danish Regional/ University hospitals with dedicated arthroplasty departments performing >400 procedures/year are currently reporting to the LCDB, which is a prospective registry on preoperative comorbidity registered on ClinicalTrials. gov (ID: NCT01515670). None of the previous investigations based on this cohort have attempted to summarise relevant risk factors into a risk score regarding potentially preventable complications.
All departments have similar fast-track protocols, including spinal anaesthesia, opioid-sparing multimodal analgesia, early mobilisation and with planned discharge to own home. 26 The data in the LCDB are crossreferenced with the Danish National Patient Registry for information on the index surgery and 90 days follow-up on readmissions and mortality. The Danish National Patient Registry collects data on all admissions in Danish with a data completeness of >99%. 27 Information on preoperative use of continuous anticoagulants, pharmacological antidiabetic and psychiatric treatment is acquired from the Danish National Database on Reimbursed Prescriptions which registers any prescription receiving reimbursement dispensed outside hospitals (the usual practice in the government-funded Danish healthcare system). 28 LOS was counted as the number of postoperative nights in hospital, including transferrals to other departments. Any case of LOS >4 days or readmissions within 90 days were investigated using discharge records to identify the primary cause. This was done by the primary author (CCJ) who consulted the senior author (HK) in case of doubts. If information in the discharge record was deemed insufficient, a review of the entire medical record was performed by CCJ and HK that was followed by discussion until agreement with relation to surgery. In case of death, the complete medical records/ autopsy reports and death certificates were obtained. Only surgery-related readmissions resulting in overnight stay in hospital were considered relevant, that is, uncomplicated urinary tract infections, syncope and acute worsening of chronic obstructive pulmonary disease (COPD) without antibiotic treatment after postoperative day 30 and other admissions obviously unrelated to index surgery (evaluation of newly discovered cancer, eye surgery, cholecystitis, allergic reactions unrelated to postoperative treatment, etc.) were excluded. Causes of LOS >4 days and readmissions were subsequently divided into 'surgical' (related directly to the surgical technique and prosthesis components) and 'medical' (related to the surgical procedure or pre-existing conditions but potentially reversible by non-surgical intervention) based on previous work. 15 Following initial screening for relation to surgery, an evaluation on the potential preventability of the reasons for LOS>4 days and readmissions was conducted by both CCJ and HK. This evaluation focused on whether an intervention either preoperatively or during the first 2-3 postoperative days could potentially have prevented LOS >4 days or readmission. Most 'medical' conditions were included a priori if occurring during primary admission or resulting in readmission ≤30 days after surgery, while some conditions required further evaluation of medical records followed by discussion until mutual agreement was reached by both reviewers. A few conditions, that is, urinary retention (n:12) and uncomplicated urinary tract infection (n:18), were excluded due to lack of preoperative information on voiding difficulties, postoperative intermittent catheterisations, and chronic urinary tract infection. Furthermore, postoperative ileus was excluded due to its rarity (n:7), and multifactorial pathogenesis (table 1) 'surgical' readmissions were included ≤90 days after surgery as these often present later than 'medical' complications (table 1) . Finally, of the included complications, we classified the following as severe: confirmed cardiac complications, severe hypotension unresponsive to fluids, cerebral stroke or transient cerebral ischaemia, delirium or psychosis, confirmed venous thromboembolic events, pneumonia, worsening of COPD, unexplained dyspnoea with severe hypoxaemia, sepsis, falls, renal affection requiring dialysis, prosthetic infections with surgical interventions, hip dislocations and knee manipulation under anaesthesia (MUA). Only the first potentially preventable 'medical' or 'surgical' complication was included for analysis; however, a subsequent severe complication was included if the first complication did not qualify as such.
Objectives
Construction of a simple risk score for patients at high risk of potentially preventable 'medical' and 'severe medical' complications leading to LOS >4 days or readmission. Secondary outcomes were to construct simple risk scores for 'surgical' and 'total' potentially preventable complications.
Statistics
Data distribution was analysed using the KolmogorovSmirnov test. Results for non-parametric data are given as medians with IQRs. Risk prediction models for 'total', 'medical', 'severe' medical and 'surgical' complications were constructed using univariate analysis followed by stepwise multiple logistic regression. A significance level ≤0.10 was chosen for univariate analysis to reduce the risk of excluding variables with significant associations after adjustments. 29 The included variables were: gender, age ≥75, ≥80 and ≥85 years (cut-offs based on previous work, 15 with only the most significant age dichotomisations included in the multiple regression), living alone, smoking, alcohol use of >24 g/day, use of walking aids, body mass index (BMI) >30, surgical procedure (THA vs TKA), hypertension, hypercholesterolaemia, antihyperglycaemic treatment for diabetes, pharmacologically treated psychiatric disorder, 25 cardiac disease, pulmonary disease, previous cerebral stroke, previous venous thromboembolic event, use of anticoagulants (vitamin K antagonists, dabigatranetexilate or rivaroxaban). Place of surgery was included in the multiple logistic regression analysis as a random effect. A significance level of 0.05 was chosen for multiple regression models. Two-way interactions between significant variables were added and tested. Receiver operating characteristic of the final model was pictured and area under the curve (AUC) was calculated. To assess whether accuracy could be improved, we used three different weightings for combining the included variables into a total score: one using the ORs, one using a baseline value of 1 for each variable, and one using a value of 1 in case of an OR <1.90 and 2 if ≥1.90. The final analysis was done on the largest possible data set, but with minor variations due to missing data for specific preoperative characteristics (table 2) .
For the risk score, we calculated the positive (PPV) and negative predictive values (NPV), and the number needed to treat (NNT) with different weighting and chose combinations of the included variables to find a clinically relevant cut-off for 'high-risk' patients. We also calculated how many complications would have been figure 1 ), resulting in a NNT of 59 and avoiding 26 (14.0%) complications.
Overall, the most frequent complications in patients with ≥2 MPEH were: anaemia, mobilisation issues, pulmonary, cardiac, renal/fluid related and falls. In contrast, there were few cases of opioid-related morbidity, delirium, thromboembolic events and severe renal complications ( figure 2A,B) . Of 'severe' complications, the significantly more were pulmonary, cardiac and due to falls in patients with ≥2 MPEH versus patients with <2 MPEH ( p<0.0001; figure 3 ). The majority of pulmonary and cardiac complications were pneumonias (n: 23) and arrhythmias (n:18) occurring in 1.5% and 1.2% of patients, respectively, with ≥2 MPEH.
Secondary objectives: 'surgical' and 'total' complications For 'surgical' complications, the final regression model included three characteristics: joint of surgery, use of walking aids and cardiac disease. As only three characteristics, one of which was the surgical procedure, were associated with 'surgical' morbidity no clinically relevant prediction based on preoperative risk factors was possible. However, there were more hip dislocations in patients with THA (3.6% vs 1.5%, p<0.001) and no MUAs in patients with TKA (0.0% vs 0.9%, p=0.006) with ≥2 MPEH. For details on analysis on 'surgical' complications see supplementary data 3. Multiple logistic regression analysis on 'total' complications found a significant association with the following preoperative characteristics: age ≥75 years, hypertension, cardiac disease, pulmonary disease, pharmacologically treated psychiatric disorder, anaemia and use of walking aids. The risk of developing a complication leading to either LOS >4 days or readmission was 49.8% if all seven predictors were present prior to surgery; however, no patient had all seven predictors and only 36 (0.5%) patients had six. For details of analysis on 'total' complications see supplementary data 4.
Mortality Sixteen (0.2%) deaths occurred within 30 days after surgery. Of these, one was unrelated to surgery (cancer related) and one was in a patient with some missing preoperative data ( pulmonary embolism). Of the 14 Number of included patients is 8021 for 'medical' complications and 8132 for 'severe medical' complications due to 8.1% and 6.9% with missing data on relevant predictors. AE 25, avoided events in the cohort with 25% event reduction; AE 30, avoided events in the cohort with 30% event reduction; AE 50, avoided events in the cohort with 50% event reduction; MP2, 'medical' predictors with two points if OR ≥1.9; MPEH, medical predictors excluding hypertension; MPEH2, 'medical' predictors excluding hypertension and two points if OR ≥1.9; NNT 25, number needed to treat if there is a 25% event reduction; NNT 30, number needed to treat if there is a 30% event reduction; NNT 50, number needed to treat if there is a 50% event reduction; NPN, negative predictive value; PPV, positive predictive value.
potentially (0.1%) surgery-related deaths, 11 (0.7%) were in patients with ≥2 MPEH versus 3 (0.04%) with <2 MPEH ( p<0.001).
DISCUSSION
Predicting which patients will develop complications after surgery is difficult, but focus on improving postoperative outcomes through better perioperative care is increasing. 13 30 31 Our study in fast-track THA and TKA found that although identification of high-risk patients for potentially preventable 'medical' complications based on preoperative risk factors is statistically possible, the clinical relevance is limited by diverse types of complications and a high NNT. Furthermore, we found that predictors for 'surgical' and 'medical' complications were not the same, thus demonstrating the importance of distinguishing between these, especially considering that neither statistically nor clinically relevant preoperative prediction was possible regarding 'surgical' complications. Finally, our study demonstrated the necessity of considering preventability of complications, as this was the case in only about 40% of patients with LOS >4 days or readmissions. Similar results have been reported in mixed patients, where the fraction of preventable unplanned readmissions is about 20-30%. 32 33 Apart from the obstacles of few potentially 'preventable' complications and different predictors of potentially preventable 'medical' and 'surgical' complications, there is the problem of defining suitable strategies for reducing these. Thus, 'medical' complications may be reduced by further optimisation of the fast-track methodology, while 'surgical' complications would be dependent on surgical expertise. 11 In our opinion, the most clinically relevant cut-off for defining patients at high risk of potentially preventable 'medical' complications was ≥2 MPEH. This encompassed about 20% of all patients, with minor variation between departments, and these accounted for more than half of the 'medical' complications. Interventional studies targeting patients with ≥2 MPEH could focus on falls, mobilisation issues, pneumonia and cardiac arrhythmia as these occurred most frequently. Unfortunately, a significant reduction of such diverse postoperative 'medical' complications is likely to require a multimodal interventional strategy, including correction of preoperative anaemia and ward rounds by anaesthesiologists or geriatricians. Such attempts have shown promising results both in orthopaedic and in other types of surgery. [34] [35] [36] However, designing the required randomised trials within a standardised fast-track protocol will be challenging, especially considering the large number of patients needed.
Prediction of 'surgical' complications was all but impossible in the present study, but it is interesting that no cases of MUA were present in the patients with ≥2 MPEH, supporting our previous findings of MUA being associated with younger age and independence from walking aids. 37 Finally, how to reduce the number of hip dislocations in patients with ≥2 MPEH deserves further study.
Previous studies of smaller cohorts contributing to the present study 15 17 18 20 and in other study cohorts 14 16 19 38 have found a reduced importance of conventional risk factors and decreased postoperative morbidity in fast-track THA and TKA compared with studies with conventional perioperative care. This was confirmed in the present study where smoking, alcohol use, diabetes requiring antihyperglycaemic treatment and a BMI of >30 were not associated with postoperative complications, and even when using ≥2 MPEH to define patients at risk of 'medical' complications, the high NNT limited the clinical relevance. However, whether this also applies to other types of fast-track surgery and to other patient populations remains unknown. Thus, characterisation of the high-risk patients and postoperative morbidity in other fast-track surgical procedures and populations is needed. This may be especially important regarding obesity, where it could be argued that our BMI cut-off should have been placed at 35 or beyond. 39 Our study is subject to some limitations. As it was observational, we can only provide associations. However, the intention was to define a clinically relevant group of high-risk patients, and not to demonstrate causality between preoperative characteristics and specific complications. Furthermore, evaluation of complications is subjective and the inclusion of three or more reviewers to solve potential disagreements by majority vote may have been preferable. It could also be argued that we should have used an existing index for evaluation of postoperative complications. Unfortunately, existing indices are subject to limitations, for example, the Dindo-Clavien index focuses on the most severe complications, with no distinction between 'medical' or 'surgical' morbidity and without consideration of preoperative risk factors. 40 The Comprehensive Complication Index expresses all complications as a single score, 41 but does not consider the order of occurrence or whether the initial complications led to subsequent complications. The Postoperative Morbidity Survey 42 may be inadequate for recording morbidity in fast-track orthopaedic patients. A weakness from evaluating patient records is that unrecorded information may have led to misclassification regarding the preventability of the complication and whether it was 'medical' or 'surgical'. Nonetheless, this approach is likely to be superior to using diagnostic codes, and has been proposed as the best way of determining preventability of readmissions. 43 Finally, the results should ideally be confirmed in a different cohort having fast-track THA and TKA to confirm the validity and predictive ability of the identified risk factors.
The strengths of our study include a detailed analysis of postoperative morbidity distinguishing between what came first; whether 'medical' or 'surgical', it made use of prospectively recorded data on patient characteristics, and had a well-described standardised fast-track setup 26 with consecutive unselected patients and nationwide databases with complete follow-up. 27 28 In conclusion, this study demonstrates the importance of distinguishing between 'medical' and 'surgical' morbidity when investigating the role of preoperative risk factors. Additionally, the predictive value of the six relevant predictors for developing potentially preventable 'medical' complications was limited and no clinically relevant prediction of 'surgical' complications was possible.
